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(54) METHOD OF PRODUCING A BREATHING MIXTURE AND AN APPARATUS FOR APPLYING 
THE METHOD 



(57) The invention relates to medicine and means of 
medical engineering and can find application in medical 
practice for treating a number of diseases with the aid of 
breathing gas mixtures, including affections resulting 
from emergency situations. 

The essence of the invention consists in that a gas 
mixture is fed in a circulatory flow at a volume rate of 
flow from 3 to 120 l/min, involving cleaning of the mix- 
ture and adjusting its temperature and qualitative and 
quantitative composition which contains oxygen and at 
least one of the following gases (with a maximum 95% 
percent content of each gas): helium, and/or argon, 
and/or neon, and/or crypton, and/or xenon, and/or 
radon, and/or nitrogen, and/or nitrogen monoxide, 
and/or sulfur hexaftuoride, or a mixture thereof; the 
breathing mixture may be doped with medicinal agents: 
the carbon-dioxide content of the inhaled air is adjusta- 
ble using the exhaled carbon dioxide; an apparatus for 
forming a breathing gas mixture is provided with a circu- 
lation circuit built up by the breathing bag. a gas flow 
inducer, a temperature controller, and at least one 
absorbent filter of carbon dioxide, moisture, and harmful 
microimpurities exhaled by the patient; the circulation 
circuit communicates with am oxygen gas analyzer and 
is further provided with a carbon-dioxide gas analyzer 
and a temperature gauge, both of which establishing, 



together with the oxygen analyzer, a measuring unit 
electrically connected to the control unit, and the 
breathing mask is connected, through pipings provided 
with valves, to the circulation circuit. 
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Description 

Technical Field 

The invention relates to medicine and means of 
medical engineering; it can find application in treating a 
number of diseases with the aid of breathing gas mix- 
tures, including affections resulting from emergency sit- 
uations. 

Background Art 

One prior-art method for producing a gas mixture 
for intermittent normobaric hypoxia is known to com- 
prise depleting atmospheric air of oxygen by compress- 
ing it in a compressor up to 0.3 to 1 .5 MPa and passing 
the thus-compressed air through a polymer membrane 
made of hollow fibres, followed by feeding the resultant 
mixture to the patient through a flow rate meter, a 
humidifier, and a mask provided with a breathing valve, 
and a device for carrying said method into effect, com- 
prising a breathing bag, a mask with a breathing valve, 
to which mask the prepared gas mixture is fed along 
pipings, a compressor, a polymer membrane, a humidi- 
fier, a flow rate meter, and a gas analyzer (RU 
2.004,261. A2 1994. IPC A61M 16/00). 

The closest to the method proposed in the present 
invention is the method for forming a breathing gas mix- 
ture by mixing compressed gases fed along a piping, 
followed by controlled feeding of said gas mixture to the 
breathing mask, and an apparatus which realizes said 
method, corrprising a device for producing a gas mix- 
ture, having a source of compressed gas. said source 
communicating therewith through a gas mixture compo- 
sition regulator and a flow rate meter, a breathing bag, a 
breathing mask with an inhalation valve and an exhala- 
tion valve, an oxygen gas analyzer, and a control unit 
(SU 1.793,934, A2. 1993, A61M 16/00). 

However, field of application of said known meth- 
ods, apparatus, and devices in medical practice is lim- 
ited due to an insufficient therapeutic efficacy stemming 
from the fact that they use an atmospheric air (nitrogen- 
oxygen) mixture as the breathing mixture. 

Disclosure of the Invention 

The present invention has for its principal object to 
extend the functional capabilities and increase the effi- 
ciency of treatment by modifying a qualitative composi- 
tion of inhaled gas mixtures, as well as to reduce the 
consumption of gases constituting said mixtures. 

The foregoing object is accomplished in a method 
for forming a breathing gas mixture, conprising feeding 
said mixture in a circulatory flow at a volume rate of flow 
from 3 to 120 l/min and cleaning it of carbon dioxide, 
moisture, and harmful microimpurities; the temperature 
of the gas mixture when inhaled is controlled in a range 
of from minus 10 to plus 130°C; there are also fed to 



said mask binary and multicomponent gas mixtures of 
the various qualitative and quantitative composition, 
said gas mixtures containing oxygen and at least one of 
the following gases (with a maximum 95% percent con- 
5 tent of each gas in the mixture involved): helium, and/or 
argon, and/or neon, and/or crypton, and/or xenon, 
and/or radon, and/or nitrogen, and/or nitrogen monox- 
ide, and/or sulfur hexaf luoride, or a mixture thereof; the 
breathing mixture may be doped with medicinal agents; 
w the carbon-dioxide content of the inhaled air may be 
adjusted in a range from 0.0001 to 5%, using the 
exhaled carbon dioxide for the purpose; inhalation 
resistance may be reduced by admitting an excess 
pressure; the carbon-dioxide absorption conditions may 
is be improved by increasing the rate of gas mixture flow 
through a sorbent bed, and the carbon-dioxide content 
of the inhaled gas mixture may be adjusted by bifurcat- 
ing the exhaled gas mixture flow into two streams one of 
which is admitted to pass through the sorbent bed, while 

20 the other stream bypasses the latter. 

The foregoing object is also accomplished in an 
apparatus for forming a breaching gas mixture, compris- 
ing a device for producing a gas mixture, said device 
appearing as a number of containers holding com- 

25 pressed oxygen and also at least one of the following 
gases: helium, and/or argon, and/or neon, and/or cryp- 
ton, and/or xenon, and/or radon, and/or nitrogen, and/or 
nitrogen monoxide, and/or sulfur hexafluoride. or a mix- 
ture thereof, said containers communicating with a 

30 breathing bag through pipings provided with stop 
valves, at least the compressed oxygen container being 
provided with a valve remote-controlled from the control 
unit; the apparatus is provided with a circulation circuit 
built up by the breathing bag, a gas flow inducer, a tem- 

35 perature controller, and at least one absorbent filter of 
carbon dioxide, moisture, and harmful microimpurities 
exhaled by the patient into the apparatus, all these inter- 
communicating through pipings; said circulation circuit 
communicates with an oxygen gas analyzer and is addi- 

40 tionally provided with a carbon-dioxide gas analyzer and 
a temperature gauge, both of which establish, together 
with said oxygen analyzer, a measuring unit electrically 
connected to the control unit, and the mask is con- 
nected, through pipings with valves, to said circulation 

45 circuit; an inhaler may be interposed between the inha- 
lation valve and the mask and be connected to the pip- 
ing that feeds the gas mixture to the mask, said inhaler 
being aimed at feeding medicinal agents or moisture; 
the carbon-dioxide absorbent filter may be by-passed 

so by an additional piping provided with stop valves and 
aimed at feeding part of a carbon dioxide-enriched gas 
flow directly to the breathing bag, thus by-passing said 
carbon-dioxide absorbent filter; an exhalation piping 
may be provided with a gas flow switch in order that the 

55 apparatus may operate on an open cycle; the sorbent 
may be revivif iable and be provided with a thermal reac- 
tivator; the apparatus may further comprise a device for 
cleaning gases of microflora, said device being cut into 
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the gas-mixture exhalation piping; the circulation circuit 
may comprise a non-return valve preventing reversal of 
the gas flow; the apparatus may further comprise a 
device for determining patient's basal metabolism 
against his/her breathing, and the breathing bag may be 5 
provided with a relief valve with an adjustable pressure 
setting. 

The herein-proposed method for producing a 
breathing gas mixture contemplates use of rather costly 
gases, especially helium, whereas performing circula- io 
tion jointly with regeneration of a predetermined mixture 
with the aid of the proposed apparatus is most eco- 
nomic and efficient as minimizing loss of the gases 
used. 

Practical utilization of the present invention enables 75 
one to obtain a technical effect consisting in that use of 
gases having properties other than air has contributes 
to a high therapeutic effect, while feeding gases in a cir- 
culation flow and their regeneration allows of using the 
gas mixture both efficiently and economically, and the 20 
use of the invention becomes more efficient due to the 
fact that the temperature of the breathing mixture is con- 
trolled and inhalation of medicinal agents is provided. 

Furthermore, a possibility of using a variety of 
gases in the breathing mixture allows of rendering med- 2s 
ical aid to patients who sustained overcooling, this 
being due to extrahigh heat conductivity of helium. On 
the other hand, use of. e.g., nitrogen monoxide enables 
one to relieve pain in wounded patients, as well as to 
use the apparatus as the anesthesia apparatus in sur- 30 
gery. 

Brief Description of the Accompanying Drawings 

In what follows the present invention is illustrated in 
the accompanying drawing, presenting a functional dia- 
gram of the apparatus for forming a breathing mixture, 
whereby the herein-proposed method is carried into 
effect. 

Best Method of Carrying Out the Invention 

The apparatus comprises a device for forming a 
gas mixture, said device appearing as a container 1 
holding compressed oxygen (02) and provided with a 
control valve 2, as well as at least one container 3 pro- 
vided with a control valve 4 and holding one of the fol- 
lowing gases: helium (He), nitrogen monoxide (N20), 
sulfur hexafluoride (SF6), as well as other gases 
(namely, Rn, Xe. Kr t Ar, Ne, N2) or mixtures thereof. The 
containers 1 and 3 communicate with a breathing bag 5 
through pipings 6. The container 1 holding 02 has a 
controllable valve 7 connected to a control unit 8. The 
apparatus further comprises a gas flow inducer 9. a 
temperature controller 10, absorbent filters 11 and 12 of 
carbon dioxide, and moisture and harmful impurities, 
respectively, exhaled by the patient into the apparatus, 
said absorbent filters communicating to each other and 



to the breathing bag through a piping so as to establish 
a closed circulation circuit, which is also provided with 
an oxygen gas analyzer 14 and a carbon-dioxide gas 
analyzer 15, and a temperature gauge 16, all of these 
forming a unit for measuring the gas mixture parame- 
ters, electrically connected to the control unit 8. A mask 

19 is connected to the circulation circuit along a piping 

20 and through an inhalation valve 17 and an exhalation 
valve 18. An inhaler 21 connected to the control unit 8 
may be cut into the piping 20 between the inhalation 
valve 17 and the mask 20 for feeding medicinal agents 
or moisture. The carbon-dioxide absorbent fitter 1 1 may 
be provided with a by-pass piping 22 having a controlla- 
ble valve 23 connected to the control unit 8 for feeding 
part of a carbon dioxide-enriched gas flow directly to the 
breathing bag 5, thus by-passing the absorbent filter 1 1 . 
A gas flow switch 24 may be provided in the exhalation 
line of the circulation circuit in order that the apparatus 
may operate on an open cycle, as well as a device 25 for 
cleaning gases of microflora. The circulation circuit of 
the apparatus may further comprise a non-return valve 
26 aimed at providing a required direction of the gas 
flow in the circulation circuit (i.e.. through the absorbent 
filters 12 and 1 1) and preventing filling the breathing bag 
5 with an unfiltered gas mixture, that is, preventing 
reversal of the gas flow. 

The breathing bag 5 may further comprise a relief 
valve 27 with an adjustable pressure setting, which pro- 
tects the breathing bag against bursting with com- 
pressed gases by appropriately adjusting the bag 
interior pressure. 

The absorbent filter 11 may be revivifiable and be 
provided, e.g., with a thermal reactivator. 

Carbon dioxide is absorbed when a humid gas mix- 
ture passes through the absorbent filter 1 1 , according to 
the following reaction: 

KHC03 + C02 + H20 -» 2KHC03. 

Heating the absorbent filter 1 1 to 220-240°C results 
in that the reverse reaction proceeds: 

2KHC03 KHC03 + C02 + H20. 

which is accompanied by releasing carbon-dioxide gas 
and moisture into the surrounding atmosphere, as well 
as by restoring the absorptive capacity of the sorbent, 
whereby the thermally reactivated a 11 can be reused 
many times. 

In the alternative embodiments of the proposed 
apparatus use may be made of a sorbent having some 
other chemical composition, (solid, such as zeolites, or 
liquid, such as amines) buy being obligatorily a revivrfia- 
ble one. 

It is due to extremely high fluidity and thermal con- 
ductivity of helium that favorable conditions are provided 
for heating human organism, as well as for facilitating 
pulmonary ventilation. Moreover, while varying the oxy- 
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gen content of the breathing mixture treatment under 
conditions of hyperoxia, normoxia, and hypoxia can be 
performed. 

The flow inducer 9 is instrumental, whenever nec- 
essary, in reducing gasodynamic inhalation resistance 5 
by admitting an excess pressure, which is especially 
important in case of a severe patient's condition accom- 
panied by stertorous respiration. 

Provision is also made in the proposed apparatus 
for establishing hypercapnic conditions due to a control- io 
led bifurcating of the exhaled gas flow into two parts, 
one of which is directed to the carbon-dioxide absorbent 
filter 1 1 , while the other bypasses said filter. Whenever 
the whole gas flow passes through the carbon-dioxide 
absorbent filter 11, the carbon-dioxide concentration in is 
the inspired air approximates zero. In addition, a possi- 
bility is provided of administering pharmaceuticals 
which can be fed through the inhaler 21 to the piping 20 2. 
between the inhalation valve 17 and the mask 19. 

The exhaled air enriched with carbon dioxide, mois- 20 
ture, harmful impurities, and microflora first is passed 
through the device 25 for cleaning air of microflora, and 3. 
then is fed through the exhalation valve 18 to the. car- 
bon-dioxide absorbent filter 1 1 which is provided with a 
bypass pipeline having the controllable valve for adjust- zs 
ing the carbon-dioxide content of the inhaled air in a 
range from 0.0001 to 5%. whereupon the gas mixture is 
fed, through the breathing bag 5 and the flow inducer 9. 4. 
to the oxygen gas analyzer 14. Use of such gas mix- 
tures (with an increased carbon-dioxide content, the so- 30 
called hypercapnic mixtures) permits, e.g., improving 
oxygen supply of cerebral blood vessels. 5. 

Owing to the fact that helium is in substantially inas- 
similable in human organism and oxygen consumption 
rate is within 7 and 200 l/min (depending on physical 35 
load, general state of organism, and other factors), the 
oxygen gas analyzer 14 may indicate that the 02 con- 
tent of the gas mixture is below the preset value. As a 
result, a signal is delivered through the control unit 8 to 
the controllable valve 7 to open for a metered oxygen 40 
supply to the circulation circuit. Once the oxygen con- 
centration therein has reached the preset value, the 6. 
controllable valve 7 is closed. The volume rate of the 
gas mixture flow along a closed circuit is from 3 to 120 
l/min in accordance with patient's demand. 45 

Industrial Applicability 

The invention can find application in medical prac- 
tice in treating a number of diseases and in rendering an so 
efficient medical aid to patients, victims of emergency 
situations, and sufferers of home accidents. 

Claims 

-55 

1. A method for forming a breathing gas mixture by. 
mixing compressed gases, followed by controlled 
feeding of the resultant gas mixture to a breathing 



mask, CHARACTERIZED in that said mixture is fed 
in a circulatory flow at a volume rate of flow from 3 
to 120 l/min and cleaning it of carbon dioxide, mois- 
ture, and harmful microimpurities; the temperature 
of said gas mixture when inhaled is controlled in a 
range of from minus 10 to plus 130°C; there are 
also fed to said mask binary and multi component 
gas mixtures with the controlled qualitative and 
quantitative composition, said gas mixtures con- 
taining oxygen and at least one of the following 
gases (with a maximum 95% percent content of 
each gas in the mixture involved: helium, and/or 
argon, and/or neon, and/or crypton, and/or xenon, 
and/or radon, and/or nitrogen, and/or nitrogen mon- 
oxide, and/or sulfur hexafluoride, or a mixture 
thereof. 

A method as set forth in claim 1, CHARACTER- 
IZED in that medical agents are added to the 
breathing mixture. 

A method as set forth in claims 1 and 2. CHARAC- 
TERIZED in that the carbon-dioxide content of the 
inhaled gas mixture is adjusted in a range of from 
0.0001 to 5%, using the exhaled carbon dioxide for 
the purpose. 

A method as set forth in claims 1 -3. CHARACTER- 
IZED in that inhalation resistance is reduced by 
admitting an excess pressure. 

A method as set forth in claims 1-4. CHARACTER- 
IZED in that conditions of carbon-dioxide absorp- 
tion are improved by increasing the rate of gas 
mixture flow through a sorbent bed. and the carbon- 
dioxide content of the inhaled gas mixture is 
adjusted by bifurcating the exhaled gas mixture flow 
into two streams one of which is admitted to pass 
through the sorbent bed, while the other stream 
bypasses the latter. 

An apparatus for forming a breathing gas mixture, 
comprising a device for producing a gas mixture 
incorporating a source (1) of compressed gas, said 
source communicating with a breathing mask (19) 
along pipings (6) and through a gas mixture compo- 
sition regulator and a flow rate meter, a breathing 
bag (5), an inhalation valve (17), an exhalation 
valve (18) with the mask (19), an oxygen gas ana- 
lyzer (14). and a control unit (8), CHARACTERIZED 
in that the device for producing a gas mixture 
appears as a number of containers (1) and <3) hold- 
ing compressed oxygen and also at least one of the 
following gases: helium, and/or argon, and/or neon, 
and/or crypton, and/or xenon., and/or radon, and/or 
nitrogen, and/or nitrogen monoxide, and/or sulfur 
hexafluoride, or a mixture thereof, said containers 
communicating with the breathing bag (5) through 
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the pipings (6) provided with stop valves (2) and (4), 
at least the compressed oxygen container (1) being 
provided with a valve (7) remote-controlled from the 
control unit 8; the apparatus is provided with a cir- 
culation circuit built up by the breathing bag (5), a 
gas flow inducer (9), a temperature controller (10), 
and at least one absorbent filter (11) and (12) of 
carbon dioxide, moisture, and harmful microimpuri- 
ties exhaled by the patient into the apparatus, all 
these intercommunicating through pipings (13); 
said circulation circuit communicates with the oxy- 
gen gas analyzer (14) and is additionally provided 
with a carbon-dioxide gas analyzer (15) and a tem- 
perature gauge (16), both of which establish, 
together with the oxygen analyzer (14), a measur- 
ing unit electrically connected to the control unit (8), 
and the mask (19) is connected, through pipings 
(20) with the valves (1 7) and (1 8), to said circulation 
circuit. 

7. An apparatus as set forth in claim 6, CHARACTER- 
IZED in that an inhaler (21) is interposed between 
the inhalation valve (17) and the mask (19) and is 
connected to the piping (20) that feeds the gas mix- 
ture to the mask (19), said inhaler being adapted for 
feeding medicinal agents or moisture. 

8. An apparatus as set forth in claims 6-7, CHARAC- 
TERIZED in that the carbon-dioxide absorbent filter 
is by-passed by an additional piping (22) provided 
with a controllable valve (23) for feeding part of a 
carbon dioxide-enriched gas flow directly to the 
breathing bag (5). thus by-passing the carbon-diox- 
ide absorbent filter (11). 

9. An apparatus as set forth in claims 6-8, CHARAC- 
TERIZED in that the exhalation pipeline is provided 
with a gas flow switch (24) in order that the appara- 
tus could operate on an open cycle. 

10. An apparatus as set forth in claims 6-9, CHARAC- 
TERIZED in that the carbon-dioxide absorbent filter 
(11) is revivrfiable. 

1 1 . An apparatus as set forth in claims 6-10, CHARAC- 
TERIZED in that the carbon-dioxide absorbent filter 
1 1 is provided with a thermal reactivator. 

12. An apparatus as set forth in claims 6-1 1 , CHARAC- 
TERIZED in that it further comprises a device (25) 
for cleaning gases of microflora, said device being 
cut in the gas-mixture exhalation piping (20). 

13. An apparatus as set forth in claims 6-12. CHARAC- 
TERIZED in that the circulation circuit comprises a 
non-return valve (26) which prevents reversal of the 
gas flow. 



8 

14. An apparatus as set forth in claims 6-13, CHARAC- 
TERIZED in that it further comprises a device for 
determining basal metabolism against patient's 
breathing. 

5 

15. An apparatus as set forth in claims 6-14, CHARAC- 
TERIZED in that the breathing bag (5) is provided 
with a relief valve (27) with an adjustable pressure 
setting. 
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